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CROSS-REFERENCE TO RELATED APPLICATION 

This patent application is a continuation-in-part of U.S. Application Serial No. 
09/788,761 filed February 20, 2001 by K.W. Wiilman et al., which claims the benefit of 
20 U.S. Provisional Application Serial No. 60/184,780 filed February 24, 2000 by K. W. 
Wiilman et al. 

TECHNICAL FIELD 

The present invention relates to cleaning implements and cleaning sheets 
particularly suitable for removal and entrapment of dust, lint, hair, sand, food crumbs, 
25 grass and the like. 

BACKGROUND OF THE INVENTION 

The use of nonwoven sheets for dry dust-type cleaning are known in the art. 
Such sheets typically utilize a composite of fibers where the fibers are bonded via 
adhesive, entangling or other forces. See, for example, U.S. Patent No. 3,629,047 and 

30 U.S. Patent 5,144,729. To provide a durable wiping sheet, reinforcement means have 
been combined with the staple fibers in the form of a continuous filament or network 
structure. See, for example, U.S. Patent No. 4,808,467, U.S. Patent 3,494,821 and U.S. 
Patent No. 4,144,370. Also, to provide a product capable of withstanding the rigors of 
the wiping process, prior nonwoven sheets have employed strongly bonded fibers via 

35 one or more of the forces mentioned above. Such a cleaning sheet is described in 
European patent applications EP 774,229 A2 and EP 777,997 A2, which utilize 
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continuous filaments bonded to a base sheet via heat-seal lines. While durable materials 
can be obtained, such strong bonding may adversely impact the materials' ability to 
pick up and retain particulate dirt. In an effort to address this concern, an additive 
consisting of mineral oil has been applied to such cleaning sheets at relatively high 
5 levels. However, a mineral oil additive, when applied to such cleaning sheets at such 
high levels, tends to leave an unappealing residue on surfaces that are wiped with such 
cleaning sheets which is unacceptable to consumers. 

U.S. Patent No. 5,599,550 issued February 4, 1997 to Kohlruss et al. describes a 
biodegradable wax-impregnated dust cloth. However, the dust cloth disclosed by 

10 Kohlruss utilizes natural fibers and relatively high levels of wax, both of which 
contribute to eliminating the dust-attracting properties of the cloth. 

A variety of tack cloths have been disclosed that comprise pressure sensitive 
adhesive and/or tackifier materials. See, e.g., U.S. Patent No. 5,198,292; U.S. Patent 
No. 3,658,578; U.S. Patent No. 3,208,093. However, these tack cloths typically contain 

15 relatively high levels of additives and/or undesirable additives for incorporation in 
cleaning sheets, especially cleaning sheets used to clean household surfaces, wherein 
consumers find aspects of the cleaning sheet such as hand feel and glide as important to 
consumer acceptance. 

It has thus been a desire of those skilled in the art to develop a cleaning sheet 

20 that has an ability to effectively pick up and retain particulate dirt, while maintaining 
the electrostatic properties and glide of the cleaning sheet, and minimizing the amount 
of residue left on the surface being wiped with such cleaning sheet. 

In addition, while cleaning implements, such as floor mops, which utilize 
removable cleaning sheets are known, there is a need to provide cleaning implements 

25 which better utilize the cleaning sheet by maximizing the surface of the sheet which 
collects and/or traps particulate dirt. Still further, there is a need for cleaning 
implements which can effectively cooperate with cleaning sheets which pick up and 
retain particulate dirt, maintain the electrostatic properties and glide of the cleaning 
sheet, and minimize the amount of residue left on the surface being wiped. 

30 SUMMARY OF THE INVENTION 

The present invention relates to cleaning sheets for removing and retaining 
particulate material such as dust, lint, hair, sand, food crumbs, grass and the like from 
surfaces, while minimizing the amount of residue left on the surface after being wiped 
with the cleaning sheet. The present cleaning sheets comprise an additive, whereby the 

35 type and level of additive is selected such that the ability of the cleaning sheet to pick- 
up and retain particulate material is improved, while the residue left on the surface is 
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minimized. The additives contained on cleaning sheets can leave varying amounts of 
residue on the surface being cleaned, depending upon the type of additive A number of 
additive materials can be suitable for incorporation into the cleaning sheets of the 
present invention. Preferred additives of the present invention that are particularly 
5 useful with the present cleaning sheets are polymeric additives, especially those with 
specific adhesive characteristics such as specific Tack Values, Adhesive Work Values, 
Cohesion/ Adhesion Ratios, Stringiness. Values, Tg Values, and/or molecular weight. 
Other additive materials that are optional in the present invention include, but are not 
limited to waxes, oils, powders, and mixtures thereof. The additive material is selected 
10 in order to improve the pick-up of fine particulate matter such as dust, lint, and hair, and 
especially larger particulate matter typically found on household floors and surfaces 
such as crumbs, dirt, sand, hair, crushed food, grass clippings and mulch. In addition, 
the type and amount of the additive material is carefully selected in order to improve 
particulate pick-up of the cleaning sheet, while maintaining the ability of the cleaning 
15 sheet to easily glide across the surface being cleaned. If the cleaning sheet is too tacky 
as a result of the additives incorporated therein, the cleaning sheet will not easily glide 
across the surface, leading to consumer dissatisfaction. 

The present invention further relates to mop head for a cleaning implement 
having a resilient bottom surface, a portion of which preferably has a substantially 
20 smooth curved profile or crown which engages the removable cleaning sheet. 

The present invention further relates to a floor mop having a mop head 
dimensioned to receive cleaning sheets which are sized for both hand dusting and 
dusting with a floor mop. 

The present invention further relates to a kit is comprising a mop head, or a 
25 cleaning sheet which when used with a mop head, provides a bottom surface having one 
of the previously described profiles for producing a repeated rocking or pivoting motion 
of the mop head during use. Still further, the kit preferably includes a coupling, having 
at least two, and, more preferably, at least three, bores which are angled relative to one 
another. 

30 BRIEF DESCRIPTION OF THE DRAWINGS 

While the specification concludes with claims particularly pointing out and 
distinctly claiming the invention, it is believed that the present invention will be better 
understood from the following description taken in conjunction with the accompanying 
drawings in which: 

35 Fig. 1 is a perspective view of a floor mop suitable for use with the present 

invention; 
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Fig. 2 is a perspective view of a floor mop suitable for use with the present 
invention, wherein a cleaning sheet is shown disposed about the mop head; 

Fig. 3 is a cross sectional side view of the floor mop of Fig. 1, taken along line 
3-3 thereof, wherein the upper portion of the universal joint and the entire handle have 
5 been omitted for clarity; 

Fig. 4 is an enlarged cross-sectional side view of the elastic pad of the floor 
mop of Fig. 3; 

Fig. 5 is an enlarged partial cross-sectional side view of a preferred elastic pad 
made in accordance with the present invention, wherein the contact surface is a 
10 tangency point; 

Fig. 6 is an enlarged partial cross-sectional side view of another preferred 
elastic pad made in accordance with the present invention, wherein the contact surface 
is substantially straight; 

Fig. 7 is an enlarged partial cross-sectional side view of the elastic pad of Fig. 
15 5, wherein a cleaning sheet is disposed adjacent the pad; 

Fig. 8 is an enlarged partial cross-sectional side view of the elastic pad of Fig. 
6, wherein a cleaning sheet is disposed adjacent the pad; 

Fig. 9 is a cross-sectional side view of an elastic pad made in accordance with 
the present invention, wherein the bottom surface of the elastic pad has a pyramidal 
20 surface texture; 

Fig. 10 is an enlarged partial cross-sectional side view of the surface texture of 
the elastic pad of Fig. 9; 

Fig. 11 is an enlarged partial cross-sectional side view of the preferred elastic- 
pad of Fig. 5, wherein the radius of curvature is illustrated; 
25 Fig. 12 is a cross-sectional side view of another preferred elastic pad for the 

floor mop of Fig. 1 made in accordance with the present invention, wherein the bottom 
surface of the elastic pad has a stepped profile; 

Fig. 13 is a partial cross-sectional side view of an elastic pad, cleaning sheet, 
and stepped insert made in accordance with the present invention; 
30 Fig. 14 is a partial cross-sectional side view of an elastic pad and cleaning 

sheet, wherein the cleaning sheet has high loft at the leading and trailing edges of the 
elastic pad; 

Fig. 15 is a perspective view of a coupling suitable for use with the floor mop 
of Fig. 1; 

35 Fig 16 is a cross-sectional side view of the coupling of Fig. 15, taken along line 

16-16 thereof; 
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Fig. 1 7 is a perspective view of the floor mop of Fig. 1 with the coupling of Fig. 
16 inserted therein, wherein the mop head is in a first orientation relative to the handle; 

Fig. 18 is a perspective view of the floor mop of Fig. 17, wherein the mop head 
is in a second orientation relative to the handle; 
5 Fig. 19 is a perspective view showing a first embodiment of a heat-bonded 

cleaning sheet of the present invention; 

Fig. 20 is a sectional view taken along a line III-III in Fig. 19; 

Fig. 21 is a perspective view showing a second embodiment of the cleaning 
sheet being different from the embodiment shown by Fig. 19; 
10 Fig. 22 is a perspective view showing a third embodiment of the cleaning sheet 

being also different from the embodiment shown by Fig. 19; 

Fig. 23 is a digital photograph of a perspective view showing a fourth 
embodiment of the cleaning sheet which comprises brushy filaments, also being 
different from the embodiment shown by Fig. 19; 
15 Fig. 24 is a diagram illustrating a process for making a cleaning sheet as shown 

in Fig. 23; 

Fig. 25 is a photograph (12x magnification) of a hydroentangled cleaning sheet 
of the present invention, which depicts a high basis weight continuous region and a 
plurality of low basis weight discrete regions; 
20 Fig. 26 is a plan view of the hydroentangled cleaning sheet depicted in Fig. 25, 

to facilitate discussion of the basis weight differences of the sheet; 

Fig. 27 is a schematic diagram of a texture analyzer used in the Texture 
Analyzer Test Method described in Section V.A. herein; 

Fig. 28 is a graph of force (g) versus distance (mm) generated from the Texture 
25 Analyzer Test Method described in Section V.A. herein; and 

Fig. 29 is a plan view of a cleaning sheet of the present invention having a 
center zone and two side zones comprising a polymeric additive. 

DETAILED DESCRIPTION OF THE INVENTION 
I. Definitions 

30 As used herein, the term "comprising" means that the various components, 

ingredients, or steps, can be conjointly employed in practicing the present invention. 

Accordingly, the term "comprising" encompasses the more restrictive terms "consisting 

essentially of and "consisting of 1 . 

As used herein, the term "hydroentanglement" means generally a process for 
35 making a material wherein a layer of loose fibrous material (e.g., polyester) is 

supported on an apertured patterning member and is subjected to water pressure 
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differentials sufficiently great to cause the individual fibers to entangle mechanically to 
provide a fabric. The apertured patterning member may be formed, e.g., from a woven 
screen, a perforated metal plate, and the like. 

As used herein, the term "Z-dimension" refers to the dimension orthogonal to 
5 the length and width of the cleaning sheet of the present invention, or a component 
thereof. The Z-dimension usually corresponds to the thickness of the sheet. 

As used herein, the term "X-Y dimension" refers to the plane orthogonal to the 
thickness of the cleaning sheet, or a component thereof. The X and Y dimensions 
usually correspond to the length and width, respectively, of the sheet or a sheet 
10 component. 

As used herein, the term "layer" refers to a member or component of a cleaning 
sheet whose primary dimension is X-Y, i.e., along its length and width. It should be 
understood that the term "layer" is not necessarily limited to single layers or sheets of 
material. Thus the layer can comprise laminates or combinations of several sheets or 
15 webs of the requisite type of materials. Accordingly, the term "layer" includes the 
terms "layers" and "layered." 

For purposes of the present invention, an "upper" layer of a cleaning sheet is a 
layer that is relatively further away from the surface that is to be cleaned (i.e., in the 
implement context, relatively closer to the implement handle during use). The term 
20 "lower" layer conversely means a layer of a cleaning sheet that is relatively closer to 
the surface that is to be cleaned (i.e., in the implement context, relatively further away 
from the implement handle during use). 

As used herein, the term "total aggregate basis weight" refers to the average 
basis weight of an entire cleaning sheet, when viewed as a whole sheet. 
25 All percentages, ratios and proportions used herein are by weight unless 

otherwise specified. All references cited are incorporated herein by reference unless 
otherwise stated. 

Reference will now be made in detail to the present preferred embodiments of 
the cleaning implement of the present invention, examples of which are illustrated in 
30 the accompanying drawings wherein like numerals indicate the same elements 
throughout the views and wherein elements having the same last two digits (e.g., 22 and 
122) represent similar elements. 
II. Cleaning Implements 

As discussed more fully hereafter, one aspect of the present invention is, in its 
35 most preferred form, directed to a mop for use with a removable cleaning sheet which is 
attached to a mop head having a resilient bottom surface, a portion of which preferably 
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has a substantially smooth curved profile or crown which engages the removable 
cleaning sheet. While the present invention is discussed herein with respect to a floor 
mop for purposes of simplicity and clarity, it will be understood that the present 
invention can be used with other types of mops and cleaning implements which have a 
5 cleaning sheet releasably secured there about. 

Referring to Figs. 1 and 2, a particularly preferred floor mop 20 made in 
accordance with the present invention is illustrated. The floor mop 20 comprises a mop 
head 22 having a leading edge 24 and a trailing edge 26 (Fig. 3). As used herein, the 
term "leading edge" is intended to refer to the furthest edge of the mop head 22 which 

10 leads the mop head 22 when it is moved in a forward direction away from its user. 
Likewise, the term "trailing edge" is intended to refer to the furthest edge of the mop 
head 22 which trails the mop head 22 when it is moved in a forward direction away 
from its user. For most floor mops, the leading edge 24 and the trailing edge 26 are 
substantially parallel to the longitudinal axis 28 of the mop head 22, as shown in Fig. 1, 

15 wherein the longitudinal axis 28 is the axis along the length of the mop head 22. 

A pi votable joint, such as the universal joint 30, interconnects the handle 32 of 
the mop 20 with the mop head 22. The universal joint 30 comprises two rotational 
axes which allow the handle 32 to pivot in directions 36 and 38. The handle 32 is 
interconnected, preferably threadedly interconnected, with the universal joint 30 at the 

20 connection 40. The handle 32 can be provided as a unitary structure or can comprise 
more than one section, preferably three sections 34, 36, and 38 which are 
interconnected, preferably threadedly interconnected, with each other so that the floor 
mop 20 can be shipped within a carton of convenient size and later assembled for use. 
The handle section 38 can be provided with an elastic and resilient portion suitable for 

25 gripping by a user of the floor mop 20. The mop head 22 also comprises a plurality of 
attachment structures 42. The attachment structures 42 are configured to receive and 
retain a cleaning sheet 44 about the mop head 22, as shown in Fig. 2, during use. The 
attachment structures 42 are preferably disposed at the corners of the mop head 22, 
although these locations can be varied depending upon the size and shape of the mop 

30 head 22. The attachment structures 42 are preferably provided in the form described in 
copending US application no. 09/364,714, filed August 13, 1999, naming Kingry et al. 
as joint inventors, the substance of which is hereby fully incorporated herein by 
reference. The floor mop 20 is preferably used in combination with the disposable 
cleaning sheet 44 which is releasably attached to the mop head 22 using the slitted 

35 attachment structures 42. The cleaning sheet can be provided in the form of a woven or 
non-woven fabric, as discussed more fully hereafter. 
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Referring to Figs. 3 and 4 and in accordance with one aspect of the present 
invention, a particularly preferred mop head 22 includes a base 46 to which the 
universal joint 30 is attached and an elastic pad 48 which is attached, preferably 
adhesively attached, to the base 46, wherein the leading edge 24 and the trailing edge 26 
5 of the mop head 22 are formed as part of the elastic pad 48. The bottom surface 50 of 
the elastic pad 48 engages at least a portion, and, more preferably, a substantial portion 
of the cleaning sheet 44 during use, as shown in Fig. 4. Surprisingly, it has been found 
that an elastic pad 48 having a contact surface 52 with a width 53 which is less than 
about 50 mm provides improved sheet cleaning performance and sheet usage efficiency 

10 (e.g., increased usage of the bottom surface of the sheet). Not intending to be bound by 
any theory, it is believed that the width 53 of the contact surface 52 provides a mop 
which can repeatedly "rock" or "pivot" or "rotate" about the contact surface 52 during 
any single continuous forward and/or backward sweeping motion of the mop 20, 
thereby providing increased dust and particulate collection across a larger percentage of 

15 the surface area of the cleaning sheet 44 as the bottom surface of the sheet repeatedly 
engages and disengages the hard surface to be cleaned due to the rocking motion. It is 
also believed that the pivoting about the contact surface 52 is further aided by a gap 54 
at the leading and/or trailing edges 24 and 26 of the mop head 22 as well as the cross- 
sectional shape of the profile of the bottom surface, as discussed more fully hereafter. 

20 As used herein, the phrase "contact surface" is intended to refer the portion of the cross- 
sectional profile of the bottom surface of either the mop head 22 or the cleaning sheet 
44 contacted by a straight line 56 tangent to the apex of that bottom surface, wherein 
the straight line 56 is substantially perpendicular to the transverse axis 58 of the mop 
head 22. While it is preferred that the cross-sectional profile of the bottom surface of 

25 the mop head or the cleaning sheet is the same along the entire longitudinal axis of the 
mop head or the cleaning sheet, any cross-sectional profile can be used herein to 
determine the contact surface. It will be understood that all measurements herein are 
based upon the theoretical or true shape and size of the mop head and/or cleaning sheet 
prior to deformation during use. As used herein, the term "apex" is intended to refer to 

30 that portion of the bottom surface of either the mop head 22 or the cleaning sheet 44 
which is furthest from the top surface 60 of the mop head 22. 

For clarity and by way of example with reference to Figs. 5 and 6, the contact 
surface 152 of the mop head is the theoretical point of tangency 162 for the curved 
bottom surface 150 of the mop elastic pad 148 with the straight line 156, the straight 

35 line 156 being substantially perpendicular to the transverse axis 158 of the mop head. 
Likewise, the contact surface 252 of the elastic pad 248 of Fig. 6 is the substantially 
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straight portion of the profile of the elastic pad 248 which contacts the straight line 256, 
the straight line 256 being substantially perpendicular to the transverse axis 258 of the 
mop head. This same technique can also be applied to a cleaning sheet attached to a 
mop head. For instance, as shown in Figs. 7 and 8, the contact surface 352 of the 
5 cleaning sheet 344 is the tangency point 362 of the curved bottom surface 350 of the 
cleaning sheet 344 which contacts the straight line 356, this line being substantially 
perpendicular to the transverse axis 158 of the mop head. Likewise, the contact surface 
452 of cleaning sheet 444 of Fig. 7 is the straight portion of the profile of the bottom 
surface of the cleaning sheet 444 which contacts the straight line 456, the straight line 

10 456 being substantially perpendicular to the transverse axis 258 of the mop head. The 
previously described contact surfaces of Figs. 5 to 8 are illustrated with respect to 
bottom surfaces which are substantially smooth. However, it is contemplated that the 
present invention can be adapted for use with bottom surfaces which are not 
substantially smooth, but rather, have a surface texture disposed thereon. An exemplary 

15 pyramidal surface texture 74 on the bottom surface of the elastic pad 548 is illustrated 
in Figs. 9 and 10. In such instances, the contact surfaces, dimensions and profiles 
described for the various bottom surfaces of the mop heads herein are determined with 
respect to the tips 76 of the projections 78 of the surface texture 74 by creating a 
theoretical bottom surface profile 550 which is tangent to each tip, as shown in Fig. 10. 

20 The straight line 56 is then placed relative to the theoretical bottom surface profile 550, 
to determine the width 53 of the contact surface 52 of the textured bottom surface. The 
surface texture can be either random or repeating. Surface textures having other shaped 
projections (e.g., cylindrical) can also be used. 

Referring again to Fig. 4, the width 53 of the contact surface 52 is preferably 

25 less than about 50 mm, and, more preferably, the width 53 of the contact surface 52 is 
between about 2 mm and about 50 mm. Most preferably, the width 53 of the contact 
surface 52 is between about 2 mm and about 20 mm. In addition to the size of the 
contact surface, the shape of the profile of the bottom surface 50 of the mop head 22 
and/or the cleaning sheet 44 in combination with the previously described width 53 of 

30 the contact surface 52 influences whether a repeated rocking motion of the mop head is 
achieved during use. The profiles of the contact surface 52 are substantially curved 
(e.g., parabolic, hyperbolic, and other curved segments) and are preferably convex in 
shape, wherein the width 53 is a theoretical point contact or tangency 62 as previously 
discussed while for substantially straight contact surfaces (see, e.g., Fig. 6) the width 53 

35 of the contact surface is between about 2 mm and about 50 mm. 
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For substantially curved profiles at the contact surface 53, it is desirable to 
provide a profile having a substantially continuous radius of curvature 66, as shown in 
Fig. 1 1, such that a more purely circular arc is achieved. The radius of curvature 66 can 
be determined for a substantially curved bottom surface by passing an arc having a 
5 constant radius through the terminuses 70 of the bottom surface and the tangency 62 of 
the contact surface 52 of the bottom surface. The radius of curvature 66 is preferably at 
least about 300 mm, and, more preferably, is at least about 1000 mm. Most preferably, 
the radius of curvature is between about 300 mm and about 1200 mm. 

The combination of the shape of the profile (e.g., substantially curved or 

10 substantially straight) of the contact surface 52 and the width 53 of the contact surface 
52 are preferably combined with a gap 68 formed between the straight line 56 defining 
the contact surface 52 of either the bottom surface of the mop head 22 or the bottom 
surface of the cleaning sheet 44 and the terminal point(s) 70 of the subject bottom 
surface. In other words, the term "gap" is intended to refer to the distance between the 

15 straight line 56 and the terminal point 70 of the bottom surface of either mop head 22 or 
the cleaning sheet 44. A sufficient gap can ensure that over a wide range of operating 
conditions (e.g., operating angle between the handle and mop head, mopping speed, 
force applied by the user, etc.), the mop head maintains the desired rocking motion. 
Generally for both the mop head 22 and the cleaning sheet 44, the terminal points 70 are 

20 defined by the leading edge 24 or trailing edge 26, as shown in Fig. 4. Preferably, the 
gap 68 is at least about 1 .5 mm and, more preferably, is between about 2 mm and about 
10 mm. Most preferably, the gap 68 is between about 2 mm and about 5 mm. Thus, the 
gap, profile shape of the contact surface, and the width of the contact surface are 
interrelated to varying degrees and can be changed as taught herein in order to provide a 

25 mop having a mop head which repeatedly rocks when it is moved forward and/or 
backward during any single continuous forward or backward motion of the mop head, 
such rocking motion beneficially improving the cleaning performance of the cleaning 
sheet 44. The synergy between the gap 68 and curved profile of the bottom surface can 
be represented by the ratio of the radius of curvature 66 to the gap 68, wherein the ratio 

30 is preferably between about 0.5 and about 1000. More preferably, the ratio of the radius 
of curvature 66 to the gap 68 is between about 1 and about 600. Most preferably, the 
ratio of the radius of curvature 66 to the gap 68 is between about 350 and about 600. 

While a mop head 22 having a bottom surface which is convexly curved is most 
preferred, it is contemplated that bottom surfaces having a stepped profile, such as that 

35 illustrated in Fig. 12, can also provide the desired rocking motion so long as the width 
653 of the linear portion of the contact surface 652 defined by the straight line 56 is at 
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For instances where a high caliper sheet is used with a mop head having a convexly 
curved bottom surface with a radius of curvature, the ratio of the radius of curvature to 
individual sheet caliper is preferably between about 0.01 and 1800, and, more 
preferably, is between about 1 and about 1400. Most preferably, the ratio of radius of 
5 curvature to individual sheet caliper is between about 200 and about 1000. 

In accordance with yet another aspect of the present invention, a floor mop 
having a mop head dimensioned to receive cleaning sheets which are sized for both 
hand dusting and dusting with a floor mop will now be described. Cleaning sheets 
suitable for use with the floor mop 20 (such as those discussed more fully hereafter in 

10 Section III) are adapted to attract and retain various types of dust and other particulates. 
For instance, the cleaning sheets are particularly suited at attracting and retaining 
particles ranging in size from about 1 x 10~4 mm up to larger sized particulates which 
can be 2 mm and greater in height. As such, these cleaning sheets can be particularly 
suited for dusting surfaces by hand in addition to use with a cleaning implement, such 

15 as the floor mop 20. In order to provide a user of a cleaning implement with the 
greatest flexibility of use, the mop head 22 of the floor mop 20 is preferably sized to 
effectively retain a cleaning sheet which can be used with both the floor mop 20 and for 
hand dusting. 

Such a cleaning sheet preferably has length (i.e., its longest dimension) to width 

20 ratio of between about 0.4 and about 1 and a sheet caliper of at least about 0.6 mm so 
that the cleaning sheet can adequately trap particles in both hand dusting and floor 
mopping applications and so that there is adequate surface area and depth for gripping 
the sheet during hand dusting as well as floor cleaning with the floor mop 20. More 
preferably, the caliper of the cleaning sheet is between about 0.6 mm and about 5 mm 

25 and most preferably is between about 0.8 mm and about 3 mm. The cleaning sheet 
preferably also has a length of at least about 400 mm and more preferably the length is 
between about 400 mm and about 500 mm. Accordingly, the mop head 22 preferably 
has a length (i.e., the longest dimension of the mop head) to width (i.e., the shortest 
dimension of the mop head) ratio of between about 0.3 and about 1 so that the hand 

30 dusting cleaning sheet can also be adequately and effectively retained about the mop 
head 22. More preferably, the mop head 22 has a length of at least about 400 mm. The 
above-described preferred cleaning sheet and mop head dimensions can be combined 
with a mop head having various types of bottom surfaces, such as a substantially flat 
bottom surface or a mop head having the textures, sizes and shapes previously 

35 described herein. 
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tbenremovemecleaningsheet from themop head ^ ^ ^ 

a „ with still vet another aspect of the presei 
,„ accordant wi* s d V ^ ^ ^ ^ „ ith a mop 

provided comprising a mop neao, 0 „ viou sly described profiles for 

20 head, provides a bottom surface having one of » ' _ ^ 

producing a repea,ed r^ing or pivoting mo ion *e mop 

.rther, me * ^^-J^^ m d, - P— a, .east 
coupling 86 illustrated in Fig. 15, having ^ 

Leads of the ha„d,e 3, while the remaining — - r ^ ^ ^ ^ 

86 allow reorientation of the handle substantially 
30 | ong „udina, axis of the pension » - ^ „ 

Fig . ,6, while the longitudinal axis of the extension ^ 

.angled relative to the ^^^^^^ 
shown in Fig. 17. Reorientation ofhandle 32 relat ^ ^ ^ 

im proved flexibility for cleaning hard to reach areas, such 



35 

and ceiling, etc. 
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The mop head 22 and universal joint 26 are preferably formed from ABS type- 
polymers (e.g., terpolymer from acrylonitrile), polypropylene or other plastic material 
by injection molding. The elastic pad 48 can formed from polyurethane by molding. 
The mop handle 32 can be formed from aluminum, plastic, or other structural materials. 
5 In a preferred embodiment, the elastic pad 48 is formed from an ethylene-vinyl 

acetate copolymer ("EVA"). The elastic pad 48 can be formed using an injection 
molding process, a compression molding process, or other similar processes known in 
the art. Preferably, the elastic pad 48 is a compression-molded EVA pad. Non-limiting 
examples of suitable EVA resins to form the elastic pad 48 include those having a vinyl 

10 acetate content of from about 12% to about 25%. Suitable EVA resins are commercially 
available from Samsung General Chemicals under the trade name E180F and from 
DuPont under the trade name Elvax®. 

Surprisingly, it has been found that elastic pads formed of EVA tend to generate 
stronger electrostatic forces as compared to other materials, such as polyurethane. This 

15 benefit is especially noticeable when a mop comprising an EVA elastic pad is used in 
combination with a nonwoven cleaning sheet, especially a sheet comprising synthetic 
fibers or a hydroentangled sheet. The improvement in electrostatic forces helps the 
cleaning sheet to be even more effective in picking-up and retaining particulate matter 
from the surface being cleaned, such as dust, dirt, and the like. 

20 III. Cleaning Sheet 

The present invention encompasses cleaning sheets comprising an additive that 
is selected to enhance the pick up and retention of particulate material from surfaces, 
while minimizing the amount of residue left on the surface being cleaned. If the type of 
additive and level of additive on the cleaning sheet are not carefully selected, the sheet 

25 will leave a residue on the surface being cleaned resulting in filming and streaking of 
the surface that is unacceptable to consumers. 

The cleaning sheets of the present invention typically have a total aggregate 
basis weight of at least about 20 g/m^ ? preferably at least about 40 g/m^, and more 
preferably at least about 60 g/m^. The total aggregate basis weight of the present 

30 cleaning sheets is typically no greater than about 275 g/m^, preferably no greater than 
about 200 g/m^, and more preferably no greater than about 150 g/m^. 

The cleaning sheets of the present invention can be made using either a woven 
or nonwoven process, or by forming operations using melted materials laid down on 
forms, especially in belts, and/or by forming operations involving mechanical 

35 actions/modifications carried out on films. The structures are made by any number of 
methods (e.g., spunbonded, meltblown, resin bonded, heat-bonded, air-through bonded, 
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etc), once the desired characteristics are known. However, the preferred structures are 
nonwoven, and especially those formed by hydroentanglement and/or heat-bonding as 
is well known in the art, since they provide highly desirable open structures. Therefore, 
preferred cleaning sheets are nonwoven structures having the characteristics described 
5 herein. Materials particularly suitable for forming the preferred nonwoven cleaning 
sheet of the present invention include, for example, natural cellulosics as well as 
synthetics such as polyolefins (e.g., polyethylene and polypropylene), polyesters, 
polyamides, synthetic cellulosics (e.g., RAYON®), and blends thereof. Also useful are 
natural fibers, such as cotton or blends thereof and those derived from various 

10 cellulosic sources, however these are not preferred. Preferred starting materials for 
making the cleaning sheets of the present invention are synthetic materials, which may 
be in the form of carded, spunbonded, meltblown, airlaid, or other structures. Cleaning 
sheets comprising synthetic materials or fibers typically have desirable electrostatic 
properties, which is preferred. Particularly preferred are polyesters, especially carded 

15 polyester fibers. The degree of hydrophobicity or hydrophilicity of the fibers is 
optimized depending upon the desired goal of the sheet, either in terms of type of soil 
to be removed, the type of additive that is provided, biodegradability, availability, and 
combinations of such considerations. In general, the more biodegradable materials are 
hydrophilic, but the more effective materials tend to be hydrophobic. 

20 The cleaning sheets may be formed from a single fibrous layer, but preferably 

are a composite of at least two separate layers. As noted above, preferred cleaning 
sheets in the present invention include a variety of cleaning sheet structures, such as 
heat-bonded cleaning sheets and/or hydroentangled cleaning sheets. 

The present cleaning sheets comprise an additive. The type and level of additive 

25 is selected such that the cleaning sheet has the ability to effectively pick-up and retain 
particulate material, while preferably maintaining the electrostatic properties of the 
cleaning sheet and minimizing the residue left on a surface being wiped with the 
cleaning sheet. As such, the additive is preferably non-cationic, as cationic additives 
can tend to diminish the electrostatic properties of the cleaning sheet. 

30 Cleaning sheets useful in the present invention include, but are not limited to, 

those described in copending U.S. Application Serial No. 09/082,349, filed May 20, 
1998 by Fereshtehkhou et al. (Case 6664M); copending U.S. Application Serial No. 
09/082,396, filed May 20, 1998 by Fereshtehkhou et al. (Case 6798M); U.S. Patent No. 
5,525,397 issued June 11, 1996 to Shizuno et al.; EP 774,229 A2 published May 21, 

35 1997; EP 777,997 A2 published June 11, 1997; and JP 09-224,895 published September 
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k q 1QQ7- which are all hereby incorporated 
2 , 1997 ; JP 09-313,416 published December 9, 1997, wh 

bv reference herein. 
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^nnasses a wide variety of structures of 
The present invents encompasses ^ 
u fc The cleaning sheets can have relatively 
nydroentangled cleanrng she* ^ ^ ^ have discreK 

wei gh, across the — "V'L^MHec^ng^c.have^^a, 
regions of differing bas.s we.ght. 1- .^.dimensionality. 

Xo enhance the integnty - ^ ^ „ . w raatCTia „ tha, is 

» ' P * m ;";r ough ***** * hea, or chemical — 

^ged with the ftbrous matenal, ^ ^ described 

s „chasadhesives,viahydrogent«nglement So. herei , ^ 

in ae.U.n as. Pa,en, No. 4,636,4,9, wh,ch , S ,no ^h y ^ 

fl, ms by fibrillation o, by embossment, follow y copo , ymers 
may be derived from a polyolefin ^ ^ ^ ^ 

preferred scrim material useiu 

ava „ab,e from Conweo Plastics (Minne,pohs,MNV ^ ^ 

Hydroentangled cleaning shee* suua^ ^ ^ ^ % ^ fcy 
. Ascribed in copending U.S. Apphcatton S*na,N • ^ ^ 

20 Fere sh,eh k hou e, al. (Case 6664M); and ua . Pa ,e„, No. 

AM May 20, 1998 by Fereshtehkhou e, .1. (Case 
5,525,397 issued June 11 , 1996 to Shizuno et al. 

i OptaralMultipJe^^ 
„„,ed cleaning sheets useful , ■ » P- ^ 

th e cleaning sheet can compr,se on ^ ^ ^ _ ,„„ 

weig h, of from about 30 to about 120 g/m (P ^ 

about 60 to about 80 g/m2) and one or m t more than ab out 80% of the basis 

30 -^^^-^inll. sheets in «. regard 
.eight of the high basis O ^ ^ a of djsM „ tta0US reg i 0 „s 

comprise a continnous h,gh bas.s werght discoI ,,i„uous 
ascribed by the 

reeions are disposed in a nonrandom, repeating p 
35 le^anabout^ofthebasisweightofthecontinuousregron. 



-20- 
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one basis weight. For example, if on a microscopic level, the basis weight of an 
interstice between fibers is measured, an apparent basis weight of zero will result when, 
in fact, the basis weight of such region is greater than zero. Again, such fluctuations 
and variations are a normal and expected result of the manufacturing process. 
5 Fig. 25 is a photograph of a portion of a preferred nonwoven sheet of the 

present invention having a continuous high basis weight region surrounding discrete 
low basis weight regions. While no call-out numbers are shown, it is seen that the high 
basis weight continuous region appears as the light network and the low basis weight 
regions are the darker discrete regions. Fig. 26 is plan view of a portion of a nonwoven 

10 sheet 3 to further depict this aspect of the sheet shown in Fig. 25. In particular, in Fig. 
26, nonwoven sheet 3 has a continuous high basis weight region 5 and discrete low 
basis weight regions 4. In this representative illustration, an optional scrim material is 
not shown. While the low basis weight regions 4 are depicted as being of essentially 
the same size and of a single well defined shape, these regions may be of differing sizes 

15 to facilitate entrapment of particles of varying size and shape. Also, it will be 
recognized that the shape of the low basis weight regions 4, and accordingly the 
continuous high basis weight region 5, may vary throughout the structure. 

Differences in basis weights (within the same structure 3) between the high and 
low basis weight regions 5 and 4 of at least 20% are considered to be significant, and 

20 define distinct regions for purposes of the present disclosure. For a quantitative 
determination of basis weight in each of the regions 5 and 4, and hence a quantitative 
determination of the differences in basis weight between such regions 5 and 4, a 
quantitative method, such as image analysis of soft X-rays as disclosed in U.S. Patent 
No. 5,277,761, issued to Phan et al. on January 11, 1994, may be utilized, which patent 

25 is incorporated herein by reference. This method is also applicable where the regions 
of high and low basis weight are not arranged in a continuous/discrete pattern. 

The relative area of the low basis weight regions and high basis weight region 
can be measured quantitatively using image analysis techniques as described in 
copending U.S. Application Serial No. 09/082,349, filed May 20, 1998 by 

30 Fereshtehkhou et al. (Case 6664M), which is hereby incorporated by reference, 
ii. Optional Macroscopic Three-Dimensionality 
In one embodiment the cleaning sheets will also be macroscopically three- 
dimensional. These sheets are preferably relatively open structures as contrasted with, 
e.g., paper towels. In one such preferred embodiment, the macroscopically three- 

35 dimensional cleaning sheets have a first surface and a second surface and comprise a 
scrim or other contractible material. In one such preferred embodiment, the cleaning 



-22- 



sheet has a first outward surface and a second outward surface and comprises a 
contractible (preferably a scrim) material, wherein the Average Peak to Peak Distance 
of at least one outward surface is preferably at least about 1 mm and the Surface 
Topography Index of that surface(s) is preferably from about 0.01 to about 5. Methods 
5 for measuring Average Peak to Peak Distance and Average Height Differential are 
described in detail in copending U.S. Application Serial No. 09/082,349, filed May 20, 
1998 by Fereshtehkhou et al. (Case 6664M), which is hereby incorporated by reference. 

Regardless of the configuration of the cleaning sheets, the Average Peak to 
Peak Distance of at least one outward surface will preferably be at least about 1 mm, 

10 more preferably at least about 2 mm, and still more preferably at least about 3 mm. In 
one embodiment, the Average Peak to Peak distance is from about 1 to about 20 mm, 
particularly from about 3 to about 16 mm, more particularly from about 4 to about 12 
mm. The Surface Topography Index of at least one outward surface will preferably be 
from about 0.01 to about 10, preferably from about 0.1 to about 5, more preferably from 

15 about 0.2 to about 3, still more preferably from about 0.3 to about 2. At least one 
outward surface will preferably have an Average Height Differential of at least about 
0.5 mm, more preferably at least about 1 mm, and still more preferably at least about 
1.5 mm. The Average Height Differential of at least one outward surface will typically 
be from about 0.5 to about 6 mm, more typically from about 1 to about 3 mm. 

20 C. Non-Apertured Cleaning Sheets Having Non-Random Macroscopic 

Three-Dimensional Character 
Preferred cleaning sheets herein also include non-apertured cleaning sheets 
having non-random macroscopic three-dimensional character. Such cleaning sheets are 
described in detail in copending U.S. Application Serial No. 09/729,626, filed 

25 November 30, 2000 by Wong et al., which is hereby incorporated herein by reference. 
D- Other Cleaning Sheets 

Other cleaning sheets which are useful in the present invention include those 
which are spun-bonded, meltblown, airlaid, and the like. 
IV. Additive 

30 A number of additive materials can be suitable for incorporation into the 

cleaning sheets of the present invention. Preferred additives of the present invention 
that are particularly useful with the present cleaning sheets are polymeric additives, 
especially those with specific adhesive characteristics such as specific Tack Values, 
Adhesive Work Values, Cohesion/Adhesion Ratios, Stringiness Values, Tg Values, 

35 and/or molecular weight. Other additive materials that are optional in the present 
invention include, but are not limited to waxes, oils, powders, and mixtures thereof. The 
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additive material is selected in order to improve the pick-up of fine particulate matter 
such as dust, lint, and hair, and especially larger particulate matter typically found on 
household floors and surfaces such as crumbs, dirt, sand, hair, crushed food, grass 
clippings and mulch. In addition, the type and amount of the additive material is 
5 carefully selected in order to improve particulate pick-up of the cleaning sheet, while 
maintaining the ability of the cleaning sheet to easily glide across the surface being 
cleaned. If the cleaning sheet is too tacky as a result of the additives incorporated 
therein, the cleaning sheet will not easily glide across the surface, leading to consumer 
dissatisfaction. 

10 A. Polymeric Additive 

The present invention encompasses the present cleaning sheets impregnated 
with a polymeric additive selected from a variety of acceptable polymeric additives, and 
mixtures thereof. Suitable polymeric additives include, but are not limited to, those 
selected from the group consisting of pressure sensitive adhesives, tacky polymers, and 

15 mixtures thereof. Suitable pressure sensitive adhesives comprise an adhesive polymer, 
which is optionally in combination with a tackifying resin, plasticizer, and/or other 
optional components. Suitable tacky polymers include, but are not limited to, 
polyisobutylene polymers, N-decylmethacrylate polymers, and mixtures thereof. 

Slip agents, such as water emulsions of natural or synthetic high-melting point 

20 waxes or of natural fatty acid esters or amides (e.g. oleamide, euracamide, stearamide, 
or ammonium stearate) as described in U.S. Patent No. 5,198,292 issued March 30, 
1993 to Lerner et aL, which is incorporated herein by reference, can optionally be 
incorporated in the present polymeric additives. However, in a preferred embodiment, 
the present polymeric additives are essentially free of slip agents. 

25 Polymeric additives tend to provide even more effective particulate pick-up, as 

compared to wax- and/or oil-type additives, especially in regard to larger particulate 
material typically found on household surfaces such as crumbs, sand, dirt, crushed food, 
grass clippings and mulch, and the like. However, if the type and amount of a polymeric 
additive is not carefully selected, the resultant cleaning sheet impregnated with the 

30 polymeric additive can become too sticky, resulting in hand feel that is unacceptable to 
consumers. Furthermore, if the polymeric additive is not carefully selected, the cleaning 
sheet will generate a coefficient of friction that is too great, resulting in a decrease in 
the ability of the cleaning sheet to smoothly glide across the surface being cleaned. To 
the average consumer who cleans household surfaces with the present cleaning sheets, 

35 the glide of the sheet is aesthetically very important. 
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1. Adhesive Characteristics of Polymeric Additive 
The adhesive characteristics of the present polymeric additives are important in 
order to create a cleaning sheet that has effective particulate pick-up performance, 
acceptable surface glide performance, and aesthetic appeal (e.g. hand feel). Adhesive 
5 characteristics of the present polymeric additives can be measured using a texture 
analyzer. A suitable texture analyzer is commercially available from Stable Micro 
Systems, Ltd. in Godalming, Surrey UK under the trade name TA.XT2 Texture 
Analyser. A test method ("Texture Analyzer Method") for measuring the adhesive 
characteristics is described hereinafter in Section V.A. Fig. 27 illustrates a texture 
1 0 analyzer used in this test method. 

The adhesive characteristics measured herein include Tack Value, Adhesive 
Work Value, Cohesive Strength, Adhesive Strength, Cohesive/Adhesive Ratio, and 
Stringiness Value. The polymeric adhesives preferred herein, including pressure 
sensitive adhesives and/or tacky polymers, exhibit certain adhesive characteristics in 
15 order to provide a cleaning sheet that has acceptable performance and aesthetic appeal. 

a. Adhesive Work Value 

As used herein, the term "Adhesive Work Value" refers to the total bonding 
force, both adhesive and cohesive, of the present polymeric additive. The polymeric 
additive of the present invention preferably has a Adhesive Work Value within a 

20 specified range in order to provide a cleaning sheet that has effective performance and 
aesthetic appeal. If the Adhesive Work Value is too high, the cleaning sheet containing 
the polymeric additive tends to be too sticky and does not smoothly glide across the 
surface being cleaned. On the other hand, if Adhesive Work Value is too low, the 
cleaning sheet containing the polymeric additive tends to exhibit insufficient pick-up of 

25 large particulate material. 

Adhesive Work Value is measured by the texture analyzer according to the 
Texture Analyzer Method in Section V.A. Fig. 28 illustrates a curve that is generated 
from the Texture Analyzer Method. The total area under the curve between line 1 1 1 and 
line 1 13 represented in the graph is equal to the Adhesive Work Value of the polymeric 

30 additive being tested. Adhesive Work Value is measured in terms of grams of force x 
mm. 

b. Tack Value 

As used herein, the term "Tack Value" refers to the maximum adhesive strength 
of the polymeric additive. The polymeric additive of the present invention preferably 
35 has a Tack Value within a specified range in order to provide a cleaning sheet that has 
effective performance and aesthetic appeal. If the Tack Value is too high, the Adhesive 
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Work Value also tends to be too high, resulting in a cleaning sheet that is too sticky and 
does not glide smoothly across the surface being cleaned. On the other hand, if Tack 
Value is too low, the Adhesive Work Value also tends to be too low, resulting in a 
cleaning sheet that tends to exhibit insufficient pick-up of large particulate material. 
5 Tack Value is measured by the texture analyzer according to the Texture 

Analyzer Method in Section V.A. Fig. 28 illustrates a curve that is generated from the 
Texture Analyzer Method. The peak force represented by line 1 14 in the graph is equal 
to the Tack Value of the polymeric additive being tested. Tack Value is measured in 
terms of grams of force. 

10 c. Cohesive/Adhesive Ratio 

As used herein, the term "Cohesive/Adhesive Ratio" refers to a ratio between 
the "Cohesive Strength" and the "Adhesive Strength" of a polymeric additive. 
"Cohesive Strength" refers to the ability of the polymeric additive to bind to itself. 
"Adhesive Strength" refers to the ability of the polymeric additive to bind to other 

15 materials, such as cleaning sheets, large particulate material, and the like. The 
Cohesive/Adhesive Ratio relates to the balance between these two forces. The 
polymeric additive of the present invention preferably has a Cohesive/Adhesive Ratio 
within a specified range in order to provide a cleaning sheet that has effective 
performance and aesthetic appeal. If the Cohesive/Adhesive Ratio is too high, a 

20 cleaning sheet containing the polymeric additive tends to exhibit insufficient large 
particulate pick-up. On the other hand, if Cohesive/ Adhesive Ratio is too low, some of 
the polymeric additive tends to transfer from the cleaning sheet to the surface being 
cleaned, resulting in residue left on the surface and poor glide characteristics of the 
cleaning sheet. 

25 Cohesive Strength and Adhesive Strength are measured by the texture analyzer 

according to the Texture Analyzer Method in Section V.A. Fig. 28 illustrates a curve 
that is generated from the Texture Analyzer Method. The area under the curve after the 
peak force - i.e. the area under the curve between line 1 12 and line 1 13 - represented in 
the graph is equal to the Cohesive Strength of the polymeric additive being tested. The 

30 area of the curve before the peak force - i.e. the area under the curve between line 1 1 1 
and line 112 - represented in the graph is equal to the Adhesive Strength of the 
polymeric additive. The Cohesive/Adhesive Ratio is simply calculated by dividing the 
Cohesive Strength by the Adhesive Strength, which results in a unitless ratio. 

d. Stringiness Value 

35 As used herein, the term "Stringiness Value" refers to the elasticity of the 

polymeric additive. The polymeric additive of the present invention preferably has a 



• „,derto provide a cleaning sheet .hat has 
Stress V- <*« * ^ ~ " me seines, V* is « «* * 

too low, u 

efficient iarge particulate „** ^g ,„ the Texture 

String V- - — -> * ^ . corve ,ha, is - * 

Pre J- — - *;r: : z* — — ' 

„ adhesive, Pressure -*» **- ^, combination * • . 
^prisean^hesivepolvmetthat-P^J ^ „ t»p— 

pJL-. andM «. «*- o, polymers. Preferred pressure 

comprise a„ adhesive ^'^lymer. A pre^d pressure sens,, 

20 adhesive comprises a or 

piasters, slip agents, o, other "^^ DSJS ^ e m^ 

^^^^^^ ° f * " 
Pres su,e sensitive adhesives su,.a * P ^ ^ 

ra ve„,ion preferably comprise ~» ££L Kryfcs , viny, — ethylene 

25 ™hhers,po.y*'-.^™f "''^ 

vi „v, acetate and poiyvinylaicohoh b „, a[e „ ot hmited to, h^ co-polym- 

Sni-e adhesive po.^s mc,ude> ^ arfot ly 

fining P*«~ ^;;lr J as poiV*iene, po^ 
^ene-bntylene midbloc.cs; Hyol* propylene; 
30 amorphous Propylene, * M ,ural rubber tpoly 

30 ^cetate copolymers; P^"*-^..*. - -octlyacryiate, 

^ polymethacrylic acid or the.r saU poM ^ ^ Pref erred 

poly me ,h s , Phenyi adhesive poly™, * 

36 pressure sensitive adhes,ves compns 



-27- 



10 



pressure sensitive adhes.ve compos. slip agents, or other resins. 

Adhesive polymers useful * ' 
aplastic polymers such as A* * ' a „ d graftt d versions 

A-B-A-B-A-B ^' yme ' " ' ere of ethylene; and h omopoly™=rs 

.hereof; homopolymers, copolymers and ,e^o,y ^ bio* 

.polymers and -P*- - ^rs 1 1,1 as other conflations. The A- 
Mp0 ,ymers include Y-blc* an « ~ h U .S. Pa, *. 4,136,°* 

B-A b,oc k coders useful here, are ^ ^ „ y 

issued .an. 30, .979 » Co-.- e. a, w '< G series from Shell 

Bxamp.es include those polymers ^ ^ ^on™ 

Chemical Co. in Houston, Te, The, ar ^ J ^ ^ G . 1657 , „ 

G,,26,Kra,on™G-16 5 0,Kr,.on™C- 1 6 ^ utylene midb.oCs; 

crated A-B diblccWA-B-A ^ lear s,re„e-isopren,s,re„e 

.. Kraton™ 0-1H2 a high percentA* d ^ ^ . 

^ O-1107 and Kraton™ D-IU P ^ ^ styrene ., sopt e„e- 

isoprene-styrene ** "polymers; K» ^ ^ ^ ^ a „ d ™- 

styte „e .,,S- bloc* ^ne-huradiene-s^e "SBS- hloc, copolym, 

D „S4, a high molecular weight TM g40A and Stereon™ S41A, A-B-A- 

20 bod, available from Shell Chemical s ^ ^ ^ ^ ohto; 

,A.B multibloc. SBS bloc, copo|ymer mailable from Emchem 

Europrene" So. T-193B, a Unea, S,S ^ ^ styrene , Mpre „e- 

Elastomers in New VorK KY, Burop^ne ^ ^ ^ 

styre „e bloct co^ymer and Europr « , ^ ^ , ^ SBS blo c 

25 bid, also availab,e from Enichen , Elastome' ■ ^ ^ 4 , n , 421 , 

coHy-»i, M e-B»o„Chem^C ^ ^ ^ 

an d 44,1, *~ ''' I™ 4,13, a highly co»p.ed S 1S h.oc k 

percent of sryreneendblocfeandVec^ ^ ^ Dpx . 551 and 

copolymer also available from Exxon C » ffom ^co Polymers in Houston, Tex. 

fr „m various sources for pressure ^ a , 0 „ e> „ in ,„ y combinations. These 

K „ s i,ive adhesive, These polymers - yb e ^ ^ ^ ^ ^ ^ 
polymers are useful from about 5/. 

35 composition. 

Other adhesive polymers utclude 



-28- 



general configuration A-B-A. wherein the A block can be polystyrene and the B block 
can be ethylene-butylene, ethylene-propylene, isoprene, butadiene or mixtures thereof, 
and preferably the B block is ethylene-butylene or ethylene-propylene. Adhesive 
polymers of this type, such as Kraton™ G-1651, have twice the molecular weight of 
5 conventional styrene-ethylene/butylene-styrene (S-EB-S) block copolymers also used in 
pressure sensitive adhesives. This copolymer is typically present in amounts of from 
about 2% to about 20% by weight, preferably from about 5% to about 20%, by weight 
of the pressure sensitive adhesive. 

Other adhesive polymers include lower molecular weight block copolymers that 

10 can be utilized with the high molecular weight block copolymers. Some examples are 
A-B-A triblock copolymers, A-B diblock copolymers, A-B-A-B-A-B multiblock 
copolymers, radial block copolymers, and grafted versions of such copolymers 
including Shell Chemical's TKG-101 and RP-6912. Such A-B-A block copolymers are 
disclosed in Collins et al., U.S. Pat. No. 4,136,699. Some of these block copolymers are 

15 commercially available from Shell Chemical Co. under the Kraton™ G series which are 
S-EB-S block copolymers. 

Other useful adhesive polymers include atactic polyalphaolefins such as those 
available from Rexene Products Co. in Dallas, Tex. under the tradename of Rextac™ 
such as RT-2280 and RT-2315 and RT-2585 having various amounts of ethylene and 

20 homogeneous linear or substantially linear interpolymers of ethylene with at least one 
C2 to C20 alphaolefin, further characterized by each said interpolymer having a 
polydispersity less than about 2.5 including such polymers as Exact™ 5008, an 
ethylene-butene copolymer, Exxpol™ SLP-0394, and ethylene-propylene copolymer, 
Exact™ 3031, an ethylene-hexene copolymer, all available from Dow Chemical Co. in 

25 Midland, Mich. These polymers may have to be used in small concentrations if utilized 
with such block copolymers as Kraton™ G-1651 to maintain compatibility without 
phase separation or glutinous, gel-like compositions. These concentrations can be as 
low as 5% by weight of the pressure sensitive adhesive. 

Other adhesive polymers can be useful in the pressure sensitive adhesives of the 

30 present invention including ethylene vinyl acetate copolymers such as Elvax™ 410, a 
14% vinyl acetate/400 melt index copolymer and Elvax™ 210, a 28% vinyl acetate/400 
melt index copolymer, both available from DuPont Chemical Co. in Wilmington, Del.; 
Escorene™ UL 7505 an ethylene vinyl acetate copolymer available from Exxon 
Chemical Co.; Ultrathene™ UE 64904 available from Quantum Chemical Co., U.S.I. 

35 Division in Cincinnati, Ohio; and AT 1850M available from AT Polymers & Film Co. 
in Charlotte, N.C. Copolymers of ethylene and methyl acrylate (methacrylates as well 
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hydrocarbons, hydrogenated rosins, and hydrogenated rosin esters. Tackifying resins in 
hot melt adhesives that are solid at room temperature, but melt below application 
temperatures are preferred, since these resins lower the viscosity on application 
resulting in improved distribution and anchoring of the adhesive to the substrate, while 
5 not having excessive fluidity at ambient temeprature during usage. Preferably, these 
resins have a melting point between about 35°C and about 200°C, more preferably 
between about 50°C and about 150°C. 

While tackifying resins are preferable for use in hot melt pressure sensitive 
adhesives, tackifying resins can also be utilized in other types of pressure sensitive 

10 adhesives as well. The tackifying resins useful herein further include aliphatic, 
cycloaliphatic and aromatic hydrocarbons and modified hydrocarbons and 
hydrogenated derivatives; terpenes and modified terpenes and hydrogenated 
derivatives; rosins and modified rosins and hydrogenated derivatives; and mixtures 
thereof. They are also available with differing levels of hydrogenation, or saturation 

15 which is another commonly used term. Useful examples include Eastotac™ H-100, H- 
115 and H-130 from Eastman Chemical Co. in Kingsport, Tenn. which are partially 
hydrogenated cycloaliphatic petroleum hydrocarbon resins with varying degress of 
hardness. These are available in the E grade, the R grade, the L grade and the W grade. 
These have differing levels of hydrogenation from least hydrogenated to most 

20 hydrogenated. The E grade has a bromine number of 15, the R grade a bromine number 
of 5, the L grade has a bromine number of 3 and the W grade a bromine number of 1 . 
There is also an Eastotac™ H-142R resin available. Other useful tackifying resins 
include Escorez™ 1310 LC, an aliphatic hydrocarbon resin, Escorez™ 5300 and 
Escorez™ 5400, partially hydrogenated cycloaliphatic petroleum hydrocarbon resins, 

25 and Escorez™ 5600, a partially hydrogenated aromatic modified petroleum 
hydrocarbon resin all available from Exxon Chemical Co. in Houston, Tex.; 
Wingtack™ Extra which is an aliphatic, aromatic petroleum hydrocarbon resin 
available from Goodyear Chemical Co. in Akron, Ohio; Hercolite™ 2100 which is a 
partially hydrogenated cycloaliphatic petroleum hydrocarbon resin available from 

30 Hercules in Wilmington, Del; and Zonatac™ 105 Lite which is a styrenated terpene 
resin made from d-limonene and available from Arizona Chemical Co. in Panama City, 
Fla. 

There are numerous types of rosins and modified rosins available with differing 
levels of hydrogenation including gum rosins, wood rosins, tall-oil rosins, distilled 
35 rosins, dimerized rosins and polymerized rosins. Some specific modified rosins include 
glycerol and pentaerythritol esters of wood rosins and tall-oil rosins. Commercially 
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scavengers and may be used alone or in combination with other antioxidants such as 
phosphite antioxidants like Irgafos™ 168 available from Ciba-Geigy. Phosphite 
antioxidants are considered secondary antioxidants, are primarily used as peroxide 
decomposers and are generally not used alone, but are instead used in combination with 
5 other antioxidants. Other available antioxidants are Cyanox™ LTDP, a thioether 
antioxidant, available from Cytec Industries in Stamford, Conn., Ethanox™ 330, a 
hindered phenolic antioxidant, available from Albemarle in Baton Rouge, La. Many 
other antioxidants are available for use by themselves, or in combination with other 
antioxidants. These compounds are added to pressure sensitive adhesives in small 

10 amounts, up to about 2% by weight of the pressure sensitive adhesive, and tend to have 
no or little effect on the adhesive characteristics of the pressure sensitive adhesive. 

Other components that also could be added to pressure sensitive adhesives that 
tend to have no or little effect on the adhesive characteristics are pigments which add 
color, fluorescing agents, any compounds that mask odor and fillers to mention only a 

15 few. 

Optional fillers come in the form of particulate matter, fibers and powders, or 
may be any material that does not interfere with the other components in the pressure 
sensitive adhesive. Some examples include calcium carbonate, ceramics, glass, silica, 
quartz, mica, treated clay, titanium dioxide, boron nitrides, graphite, carbon black, 
20 metals, barium, sulfate, talc and mixtures thereof. 

e. Adhesive Characteristics of Pressure Sensitive 
Adhesives 

Pressure sensitive adhesives are selected for incorporation in the present 
cleaning sheets based on the adhesive characteristics of the pressure sensitive adhesive, 
25 including Adhesive Work Value, Tack Value, Cohesive/Adhesive Ratio, and 
Stringiness Value. These adhesive characteristics have been described hereinbefore in 
Section IV. A. 1 and are measured according to the Texture Analyzer Method described 
hereinafter in Section V.A. 

Preferred pressure sensitive adhesives typically exhibit an Adhesive Work 
30 Value at 5 grams of pressure of from about 130 to about 1000, preferably from about 
160 to about 750, and more preferably from about 250 to about 650. 

In general, the Tack Value at 5 grams of pressure of the pressure sensitive 
adhesives is from about 100 to about 500, preferably from about 150 to about 400, and 
more preferably from about 200 to about 350. 
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A typical Cohesive/Adhesive Ratio at 5 grams of pressure of the present 
pressure sensitive adhesives is from about 0.2 to about 20, preferably from about 1.0 to 
about 6.0, and more preferably from about 3.0 to about 6.0. 

The present pressure sensitive adhesives normally have a Stringiness Value at 5 
5 grams of pressure of from about 2.5 to about 12.0, preferably from about 2.5 to about 
8.5, and more preferably from about 3.0 to about 5.0. 

Examples of preferred pressure sensitive adhesives for use in the present 
cleaning sheets herein include, but are not limited to, a series of pressure sensitive 
adhesives commercially available from H.B. Fuller Company under the trade names 
10 HL-1496, HM-1597, HM-1902, HM-1972, HM-2713, and the like. Other preferred 
pressure sensitive adhesives include those available from the Rohm & Haas Company 
under the trade names ROBOND PS 75R, ROBOND PS 20, RHOPLEX VS; 
ACRONOL DS 3432, and mixtures thereof. 

3. Tacky Polymers 
15 The polymeric additives for incorporation into the present cleaning sheets can 

also be tacky polymers. As used herein, the term "tacky polymers" refers to polymers 
that have higher Tack Values than those typically found in pressure sensitive adhesives, 
e.g. polymers having a Tack Value of at least about 300, preferably at least about 350 
(Tack Value is described in more detail in Section IV.A.l .b supra). Tacky polymers are 
20 also sometimes included in pressure sensitive adhesive compositions as an optional 
ingredient. In a preferred embodiment herein, a tacky polymer is itself a suitable 
polymeric additive for incorporation in a cleaning sheet of the present invention. 

Tacky polymers suitable for use as a polymeric additive for the cleaning sheets 
herein include, but are not limited to, polymers selected from the group consisting of: 
25 polyisobutylene polymers, alkyl methacrylate polymers, polyalkyl acrylates, and 
mixtures thereof, wherein the alkyl groups are C2-C18, preferably C2-C12. Preferred 
tacky polymers are poly n-decyl methacrylate, poly ethyl acrylate, poly n-butyl acrylate, 
and mixtures thereof. More preferred tacky polymers herein are polyisobutylene 
polymers. 

30 Adhesive Characteristics of Tacky Polymers 

Tacky polymers are selected for incorporation in the present cleaning sheets as 
a polymeric additive based on the adhesive characteristics of the tacky polymer, 
including Adhesive Work Value, Tack Value, Cohesive/ Adhesive Ratio, and 
Stringiness Value. These adhesive characteristics have been described hereinbefore in 

35 Section IV.A.l and are measured according to the Texture Analyzer Method described 
hereinafter in Section V.A. The desired adhesive characteristics of tacky polymers can 



be somewhat different from adhesive characteristics of pressure sensitive adhesives due 
to the differing types of polymeric additives. 

Suitable tacky polymers typically exhibit an Adhesive Work Value at 5 grams 
of pressure of from about 50 to about 1000, preferably from about 75 to about 250, and 
5 more preferably from about 100 to about 1 50. 

In general, the Tack Value at 5 grams of pressure of the tacky polymers is from 
about 300 to about 500, preferably from about 300 to about 450, and more preferably 
from about 350 to about 400. 

A typical Cohesive/Adhesive Ratio at 5 grams of pressure of the present tacky 
10 polymers is from about 0.2 to about 20, preferably from about 1.0 to about 6.0, and 
more preferably from about 3.0 to about 6.0. 

The present tacky polymers normally have a Stringiness Value at 5 grams of 
pressure of from about 0.4 to about 12.0, preferably from about 0.8 to about 4, and more 
preferably from about 0.8 to about 2.0. 
15 The tacky polymer additives of the present invention typically have a glass 

transition temperature ("Tg") of at least about -150°C, preferably at least about -100°C, 
and more preferably at least about -80°C. Furthermore, the present tacky polymers 
typically have a Tg of no greater than about 0°C, preferably no greater than about - 
30°C, and more preferably no greater than about -50°C. If the tacky polymer has a Tg 
20 that is too high, the tacky polymer tends to be too viscous and has poor adhesive 
characteristics. 

Additionally, the present tacky polymers typically have molecular weight of at 
least about 1000, preferably at least about 2500, and more preferably at least about 
50,000. Furthermore, the present tacky polymers typically have a Tg of no greater than 

25 about 500,000, preferably no greater than about 200,000, and more preferably no 
greater than about 150,000. If the molecular weight of the tacky polymer is too low, the 
tacky polymer tends to have too low a viscosity and has unacceptably low Adhesive 
Strength and/or Cohesive Strength. Conversely, if the polymeric additive has a 
molecular weight that is too high, the tacky polymer tends to be too viscous or is a 

30 solid. 

Examples of preferred tacky polymers for use in the present cleaning sheets 
herein include, but are not limited to, poly(n hexylmethacrylate); p-2-ethylhexyl 
methacrylate; polyethylacrylate; poly(lauryl acrylate); poly(n butyl acrylate); 
polyisobutylene ("PIB"); poly(l,4-butylene adipate); poly(n decylmethacrylate); 
35 poly(octadecylmethacrylate); poly(lauryl acrylate); poly(n butyl acrylate); poly(n- 
decylmethacrylate; and mixtures thereof. 
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In another embodiment of the invention, preferred pressure sensitive adhesives 
have relatively low Tack Values and Adhesive Work Values under low pressure for 
improved hand feel and glide, but behave similarly to tacky polymers at higher 
pressures for improved pick-up. This recognizes that handling a sheet containing said 
5 polymeric additive is essentially a low pressure process, while mopping a floor with 
said sheet containing additive involves more pressure. 

The present pressure sensitive adhesives exhibit an Adhesive Work Value at 5 
grams pressure of from about 30 to 150, preferably from about 40 to about 1 10, more 
preferably from about 40 to about 80, and exhibit Adhesive Work Value at 15 grams 
10 pressure of from about 50 to about 1000, preferably from about 75 to about 250, and 
more preferably from about 100 to about 150. 

In general, the Tack Value of the present pressure sensitive adhesives at 5 
grams pressure is from about 50 to about 600, preferably from about 100 to about 400, 
and more preferably form about 150 to about 300, and exhibit a Tack Value at 15 grams 
15 pressure of from about 300 to about 500, preferably from about 300 to about 450, and 
more preferably from about 350 to about 400. 

A typical Cohesive/ Adhesive Ratio of the present pressure sensitive adhesives 
at 5 grams pressure is from about 0.2 to about 20, preferably from about 1.0 to about 
6.0, and more preferably from about 2.0 to about 6.0, and exhibit Cohesive/Adhesive 
20 Ratio at 15 grams pressure of from about 0.1 to about 10, preferably from about 0.2 to 
about 6.0, and more preferably from about 0.2 to about 4.0. 

The present pressure sensitive adhesives normally have a Stringiness Value for 
both 5 grams pressure and 15 grams pressure of from about 0.4 to about 12.0, 
preferably from about 0.8 to about 4, and more preferably from about 0.8 to about 2.0. 
25 An example of a preferred pressure sensitive adhesive is sold under the trade 

name HL 1500, available from H. B. Fuller Company. 

The polymeric additives of the present invention are soluble or dispersible in a 
variety of solvents including, but not limited to, water; aromatic hydrocarbons, such as 
toluene, xylene, decahydronaphthalene and tetrahydronaphthalene; aliphatic 
30 hydrocarbons containing from 5 to 1 1 carbon atoms, such as pentane, hexane, and 
nonane; chlorinated hydrocarbons, such as methylene chloride, carbon tetrachloride, 
trichloroethylene, perchloroethylene, and chlorinated aromatic hydrocarbons such as 
chlorobenzene; and mixtures thereof. 

The amount of polymeric additive impregnated onto the present cleaning sheets 
35 is another important consideration in obtaining a cleaning sheet that exhibits acceptable 
particulate pick-up, minimal residue, and glide. Typically, the present polymeric 
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additives are impregnated onto the present cleaning sheets at a level of polymeric 
additive of no greater than about 10.0 g/m^, preferably no greater than about 6.0 g/m2 ? 
more preferably no greater than about 4.0 g/m^, and still more preferably no greater 
than about 2.0 g/m^. Note that the amount of polymeric additive applied to the cleaning 
5 sheet does not include the amount of solvent used to solubilize the polymeric additive. 
If the level of polymeric additive is too high, the cleaning sheet will feel sticky, 
resulting in hand feel that is aesthetically unacceptable to household consumers. Also, if 
the level of polymeric additive is too high, the cleaning sheet will not glide easily 
across the surface being cleaned, and will tend to leave a residue on the surface, 

10 resulting in filming and/or streaking of the surface that is visually unacceptable to 
consumers. Also, the present polymeric additives are typically impregnated onto the 
present cleaning sheets at a level of polymeric additive of at least about 0.1 g/m2 ? 
preferably at least about 0.2 g/m^ more preferably at least about 0.4 g/m^, and still 
more preferably at least about 0.6 g/m2. If the polymeric additive is impregnated onto 

15 the cleaning sheet at a level that is too low, the cleaning sheet will tend not to exhibit 
significantly improved particulate pick-up, with respect to cleaning sheets that contain 
no polymeric additive. 

In a preferred embodiment, a polymeric additive is applied to a cleaning sheet 
in "zones", as described hereinafter. The resulting cleaning sheet is then preferably 

20 attached to a cleaning implement, such as a floor mop as described hereinbefore, having 
a mop head containing an elastic pad, as described hereinbefore, and shown, for 
example, in Figs. 4, 5, and 6. 

B. Optional Wax and/or Oil Additive 

The cleaning performance of any of the cleaning sheets of the present invention 
25 can be further enhanced by treating the fibers of the sheet, especially surface treating, 
with any of a variety of additives, including surfactants or lubricants, that enhance 
adherence of soils to the sheet. When utilized, such additives are added to the cleaning 
sheet at a level sufficient to enhance the ability of the sheet to adhere soils. However, 
the level and type of additive must be selected to minimize the amount of residue left 
30 on the surface being cleaned by the cleaning sheet. Such additives are preferably 
applied to the cleaning sheet at an add-on level of at least about 0.01%, more preferably 
at least about 0.1%, more preferably at least about 0.5%, more preferably at least about 
1%, still more preferably at least about 3%, still more preferably at least about 4%, by 
weight. Typically, the add-on level is from about 0.1 to about 25%, more preferably 
35 from about 0.5 to about 20%, more preferably from about 1 to about 15%, still more 
preferably from about 2 to about 10%, still more preferably from about 4 to about 8%, 
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and most preferably from about 4 to about 6%, by weight of the dry cleaning sheet. The 
level and type of additive must be carefully selected to minimize the residue that is left 
of the surface wiped with the present cleaning sheets to leave the surface visually 
acceptable to consumers. 
5 A preferred additive is a wax or a mixture of an oil (e.g., mineral oil, etc.) and a 

wax. Suitable waxes include various types of hydrocarbons, as well as esters of certain 
fatty acids (e.g., saturated triglycerides) and fatty alcohols. They can be derived from 
natural sources (i.e., animal, vegetable or mineral) or can be synthesized. Mixtures of 
these various waxes can also be used. Some representative animal and vegetable waxes 

10 that can be used in the present invention include beeswax, carnauba, spermaceti, 
lanolin, shellac wax, candelilla, and the like. Representative waxes from mineral 
sources that can be used in the present invention include petroleum-based waxes such as 
paraffin, petrolatum and microcrystalline wax, and fossil or earth waxes such as white 
ceresine wax, yellow ceresine wax, white ozokerite wax, and the like. Representative 

15 synthetic waxes that can be used in the present invention include ethylenic polymers 
such as polyethylene wax, chlorinated naphthalenes such as "Halowax," hydrocarbon 
type waxes made by Fischer- Tropsch synthesis, and the like. Other preferred additives 
are supplied as mixtures of wax and oil, such as petrolatum. Such additives can be used 
by themselves or in combination with other wax and oils. 

20 A preferred additive is a mixture of a wax and mineral oil, as it enhances the 

ability of the cleaning sheet to pick up and retain particulate material from surfaces, 
while minimizing the amount of residue left on the surface being wiped with the 
cleaning sheet. When a mixture of mineral oil and wax is utilized, the components will 
preferably be mixed in a ratio of oil to wax of from about 1:99 to about 7:3, more 

25 preferably from about 1:99 to about 3:2, still more preferably from about 1:99 to about 
2:3, by weight. In a particularly preferred embodiment, the ratio of oil to wax is about 
1 : 1, by weight, and the additive is applied at an add-on level of about 5%, by weight. A 
preferred mixture is a 1:1 mixture of mineral oil and paraffin wax. 

Wax alone, such as paraffin wax, can be utilized as an additive to the present 

30 cleaning sheets. Where a wax is the only additive, the cleaning sheets are preferably 
comprised of synthetic fibers, so that the cleaning sheet is still able to maintain 
electrostatic properties to provide enhanced particulate material pick-up and retention. 
In any event, if the cleaning sheet comprises natural and/or synthetic fibers, an additive 
that consists essentially of wax is typically applied to the present cleaning sheets at an 

35 add-on level of no greater than about 4%, preferably no greater than about 3%, more 
preferably no greater than about 2%, and even more preferably no greater than about 
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1%, by weight of the cleaning sheet. These levels are preferred because if a wax 
additive is applied to the cleaning sheets at higher levels, the electrostatic properties of 
the sheet will typically be diminished, and therefore decrease the overall cleaning 
performance of the sheet. 
5 Mineral oil alone can also be utilized as an additive to the present cleaning 

sheets. However, if only mineral oil is used, it must be at a relatively low add-on level 
in order to minimize the residue left on surfaces wiped with the cleaning sheet to leave 
the surface visually acceptable to consumers. An additive consisting essentially of 
mineral oil is typically applied to the present cleaning sheets at an add-on level of no 
10 greater than about 4%, preferably no greater than about 3%, more preferably no greater 
than about 2%, and even more preferably no greater than about 1%, by weight of the 
cleaning sheet. 

These low levels are especially desirable when additives are applied at an 
effective level and preferably in a substantially uniform way to at least one discrete 

15 continuous area of the sheet. Use of the preferred lower levels, especially of additives 
that improve adherence of soil to the sheet, provides surprisingly good cleaning, dust 
suppression in the air, preferred consumer impressions, especially tactile impressions, 
and, in addition, the additive can provide a means for incorporating and attaching 
perfumes, pest control ingredients, antimicrobials, including fungicides, and a host of 

20 other beneficial ingredients, especially those that are soluble, or dispersible, in the 
additive. These benefits are by way of example only. Low levels of additives are 
especially desirable where the additive can leave a visual residue on the surfaces that 
are treated. As a result, the level and type of additive selected are typically important to 
enhance the particulate pick up and retention properties of the cleaning sheet, while 

25 minimizing the amount of residue left on the surface being wiped with the cleaning 
sheet. 

C. Optional Powder 

The present cleaning sheets can also have incorporated therein various types of 
powders. Powders can be desirable to incorporate in the present cleaning sheets, 
30 especially those also containing polymeric additives, in order to improve the glide 
characteristics (i.e. Initial Glide Value and/or In-Use Glide Value) of the cleaning sheet. 
Suitable powders for use herein include, but are not limited to, those selected from the 
group consisting of talc, starch, magnesium carbonate, and mixtures thereof. 

Powders tend to reduce the tackiness of a cleaning sheet containing polymeric 
35 additive and/or impart a degree of lubricity to the lower surface of the cleaning sheet. 
Suitable powders typically have a particle size of from about 0.01 to about 250 microns. 



-40- 



10 



15 



D- AppfcajmafA^^^ es „ tost . 

for these add tives preferably applies. 
The application means for these ^ 

— , — «. — — --^ 

st r„c,ure. U is an especia, ~ ; ^ s „ cMtact with the sk , and/or surface 

- * ,reaK4 r:r; til - fc - — - -* - 

«— ^ ° f TjThe presence of the additive inside .he — ^ 

limited, or no, adverse effects. The presenc 

beneficial in ft* soi. that adheres inside the stntcture ,s much less 

by subsequent wiping action. diminish the electrostatic 

properties of the cleamng she... .. . prefer ^ rf 

invention have eiecuosutic propert.es . order cd 

:r:rrin 8 sheet, „ . - 

„ app..ca,,o„ m e,h d,S ch ^ ^ _ fc „ ke . A 

utoasomc sp»yng, pre-nr P ^ fe by utea$on , c 

purred m ethod of apphca„o„ » f shee , 

spraying. The additive can thus be untformly spraye ^ ^ 

Mother preferred method of apphcafon ^ are 

fed through a se, of rollers that are coated - ^ he dd, ^ ^ 

«, be coated with ft. additive by rotattng ,n a p- - ^ 

ft, cleanmg sheets, if the dd ^ ^ ^ , s 

30 a ratio of wax to rameral od ot ., , ,„ c to .bout 9S°C, preferably from 

preferably heated to a «p— «*» ** » C „ ^ ln such . 

bouMOCto about 6 5 °C, in order ,„ n,-, „ the dd , ma ^ ^ 

Nation, the rollers are aiso preferabiy heated ■ ^ ^ ^ 

tempe ra,ure of the ho, additive in a Huid ^ ^ 

35 mix and the roiiers are maintained a, ieas, about 5 C to 
melting point of the additive mixture. 



-41- 



For small scale production of the present cleaning sheets, the additive can also 
be applied to the cleaning sheet via manual rolling, which comprises taking a hand-held 
roller, coating the roller with additive, and rolling the roller across the surface of the 
cleaning sheet. 

5 Also important is the amount of surface area of the cleaning sheet that is 

covered with the present additives. The free fibers of the cleaning sheet, in particular 
hydroentangled cleaning sheets or cleaning sheets comprising brushy filaments, are 
especially important for small particulate pick-up. Polymeric additives are particularly 
important for large particulate pick-up. The polymeric additive can be applied either 

10 uniformly or non-uniformly across the surface area of the present cleaning sheet. 

Zoned Application of Additives 
When polymeric additives are applied to the cleaning sheets herein, the 
resulting cleaning sheet can have too much tackiness that can result in the sheet having 
difficulty gliding across surfaces, which is unacceptable to consumers. In order to 

15 preserve electrostatic properties of the cleaning sheet and maintain consumer- 
acceptable glide values for the cleaning sheet, the present polymeric additives can be 
applied to the cleaning sheet in specific "zones" of the cleaning sheet, as opposed to 
uniformly distributing the polymeric additive across the entire surface of the cleaning 
sheet. In an alternative embodiment, the polymeric additive can be uniformly 

20 distributed across the entire surface of the cleaning sheet, and an additional additive, 
such as a powder and/or talc as described hereinbefore, can be applied on top of said 
polymeric additive, preferably in specific zones. As used herein, the term "zone" refers 
to specific portion of the surface area of a cleaning sheet. 

The polymeric additives are preferably applied to the cleaning sheet in zones, 

25 wherein each zone can have a different level of polymeric additive in order to optimize 
both large particulate pick-up performance and the ability of the cleaning sheet to 
smoothly glide across the surface, especially when the cleaning sheet is used in 
conjunction with a cleaning implement as described hereinbefore and shown in Figs. 1, 
4, 5, and 6. 

30 In a preferred embodiment, the present cleaning sheet has at least two zones of 

polymeric additive, such as a center zone and one or more side zones. As shown in Fig. 
29, a center zone 95 comprises an area of the cleaning sheet 99 that spans the length of 
the cleaning sheet 99. However, it should be recognized that the center zone 95 need not 
span the entire length of the cleaning sheet. In addition, although the center zone 95 is 

35 preferably positioned in the relative center of the cleaning sheet 99, the center zone 95 
need not be so positioned. 
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surface being cleaned. In this embodiment, the powder is applied to the center zone of 
the cleaning sheet at a level of from about 0.1 g/m 2 to about 5.0 g/m 2 , preferably from 
about 0.5 g/m 2 to about 3.0 g/m 2 , and more preferably from about 1.0 g/m 2 to about 
2.0 g/m 2 . 

5 The cleaning sheets of the present invention containing the present additives 

exhibit consumer-acceptable particulate pick-up, filming and/or streaking, and glide 
when used to clean household surfaces, especially kitchen and/or bathroom floors such 
as ceramic tile, vinyl tile, linoleum, hardwood floors, and the like. 

When cleaning surfaces with the present cleaning sheets, it is important to have 

10 the ability to pick-up both large and small particulate material. Test methods for 
measuring small particulate material is described in section V.B, infra, and for 
measuring large particulate material is described in section V.C, infra. Preferably, the 
present cleaning sheets exhibit small particulate pick-up of at least about 35%, 
preferably at least about 45%, more preferably at least about 55%, and still more 

15 preferably at least about 60%, by weight of the small particulate material originally 
present on the surface. In addition, the present cleaning sheets preferably exhibit large 
particulate, wherein the large particulate soil is sand, pick-up of at least about 20%, 
preferably at least about 30%, more preferably at least about 40%, and still more 
preferably at least about 50%, by weight of the large particulate material originally 

20 present on the surface. The present cleaning sheets preferably exhibit large particulate, 
wherein the large particulate soil is mulch, pick-up of at least about 40%, preferably at 
least about 60%, more preferably at least about 70%, and still more preferably at least 
about 80%, by weight of the large particulate material originally present on the surface. 

In addition, the Initial Glide Value and In-Use Glide Value of the cleaning sheet 

25 should be minimized to allow the cleaning to smoothly glide across the surface being 
cleaned. If the Initial Glide Value and/or In-Use Glide Value is too high, a consumer 
will have a difficult time in smoothly moving the cleaning sheet back and forth across 
the surface being cleaned. Preferably, the present cleaning sheets will have an Initial 
Glide Value of no greater than about 3.5, preferably no greater than about 2.0, more 

30 preferably no greater than about 1.5, and still more preferably no greater than about 1.0. 
Preferably, the present cleaning sheet will have an In-Use Glide Value of no greater 
than about 2.5, preferably no greater than about 1.5, more preferably no greater than 
about 1.0, and still more preferably no greater than about 0.5. Initial Glide Value and 
In-Use Glide Value is determined according to the Test Method described herein in 

35 section V.D, infra. 
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V. 



Test Methods 



A. 



Texture Analyzer Method 



The adhesive characteristics of Tack Value, Adhesive Work Value, Cohesive/ 
Adhesive Ratio, and Stringiness Value, as described in Section IV.A.3 supra, are 
5 measured according to the following test method. A texture analyzer is used to measure 
the adhesive characteristics of a given additive as described herein. A texture analyzer 
is commercially available from Stable Micro Systems, Ltd. in Godalming, Surrey UK 
under the trade name TA.XT2 Texture Analyser. The TA.XT2 Texture Analyser is 
shown in FIG. 27 and incorporates the following features: instrument probe arm 101; 

10 stationary plate 102; acrylic probe 103, which is preferably a 1.5 inch diameter acrylic 
probe; probe attachment 104; sample holder 105; sliding stand 106; displacement 
transducer 107; control unit 108; and personal computer 109. The personal computer 
109 (e.g. IBM PC) that is part of the TA.XT2 Texture Analyzer runs Texture Expert for 
Windows Software. The Texture Expert for Windows Software automatically calculates 

1 5 Tack Value, Adhesive Work Value, Cohesive/ Adhesive Ratio, and Stringiness Value, 
as described in Section IV.A.3 supra. 

A sample polymeric additive is analyzed using the TA.XT2 Texture Analyzer 
according to the following procedure. A sample is prepared in a 5cm diameter sample 
holder 105 at a depth of 1.5 to 1.75mm. If the sample is a hot melt, the correct number 

20 of grams are placed in the sample holder 105, melted, and allowed to cool. If the 
sample is dissolved in solvent, the correct amount is calculated based on % solids, 
added to the sample holder 105, and allowed to dry completely. The TA.XT2 Texture 
Analyser is calibrated according to the instruction manual before use. The acrylic probe 
103 (e.g. 1.5" diameter domed acrylic probe) to be used is cleaned and securely 

25 attached to the Texture Analyzer via the probe attachment 104. The settings of the 
TA.XT2 Texture Analyser are adjusted to the following levels: 



The Trigger is the initial downward pressure exerted on the sample by the acrylic probe. 
The sample holder 105 is held firmly in place while the acrylic probe 103 is lowered to 
contact the sample and the raised again to the starting position by the machine. A graph 
of the test results is generated by the personal computer 109 and the results are 
35 calculated from the graph. 



Pre-speed: 2mm/s 
Post-speed: 2mm/s 
Trigger: 5.0 - 20.0 grams 



30 



Test time: 5 seconds 
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START * FLIP STEP 

6. After Steps 1 and 2 have been completed, pick-up the mop head off the 



5 floor and carefully place it directly on top of the soil pile. With moderate 

pressure, push down on the soil pile and lift (i.e. Stamp). 

7. Re-weigh the cleaning sheet on an analytical balance and record sheet 
weight. 

10 

8. Data is calculated and reported using the following formula: 

% Sheet Pickup = (Final Sheet Weight - Initial Sheet Weight) / (Soil Weight) x 100 

15 The test method is replicated 3 times, the results are averaged, and are reported 

as "SMALL PARTICULATE PICK-UP". 

C. Large Particulate Pick-Up Performance Test 

This test comprises the measuring of pick-up of different large particle soils, 
each weighed separately. Each soil is weighed separately in plastic weigh boats using 
20 an analytical balance. Although a variety of large particle soils can be used, the 
following soil types and amounts can be used: 

(1) 1.5g of sand (e.g. "Quikrete® Sand), sifted to 710um-1.19mm; 

(2) 1 .0 g of mulch (Ohio Mulch® Black Gold Mulch), spread on tray and tried in a 
fume hood for one day, and in a dessicator for one day, sifted to 710um-6.3 mm; 

25 (3) 0.75g of Froot Loops® Cereal, crushed and sifted to 2.0-4.0 mm; or 

(4) 2.0 g Combination Soil, composed of 0.5g sand, 0.5g mulch, 0.5g Cereal, and 
0.5 g Vacuum cleaner soil (i.e. dirt collected from vacuum cleaner bags). 
Floor Preparation 

A 6' x 3' section of vinyl flooring (e.g. Armstrong Signia Collection Flooring) is 
30 cleaned by wiping the entire surface with a 20% isopropyl alcohol solution and a paper 
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i e „f thp cleaning sheets and polymeric 
The following are non-limiting examples of the clean.ng 

additives of the present invention. 

EXAMPLE !A 

This Example shows the adhesive characteristics of a variety of polymeric 
This Examp charac teristics of each polymenc 

additives of the present invention. The 

additive „ U red according to the JhMe 
hereinbefore in Section V.A with a pressure (..e. Trigger) 
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a • .i,.Hp Tack Value, Adhesive Work Value, 
Cohesive/Adhesive Ratio, and Stnnginess va 
Table 1A. 

TABLE1A 
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EXAMPLE IB 

■'-.». . the effect of increased pressure (U. Trigger) on the 
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a iv 7P r Test Method described in Section V.A. with varying p 
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and are reported in the following Table IB. 
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exemplified waning shee. conta.mng P * a 

, mop head with - — o H -~ aM , lve „ f „s, dispel or 
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h ea,-sea, lines 3,6 ,n two, ^ f ^ eb 3,0 is cu, by a second cufter 

ouM ard ly from the overall structure. ^ ^ , ar e obtained 

3,8 into a desired length. ,n «h,s — sheets , 0 are obtained „om 

from the third web 3,4. ,n thts process, the - ^ ^ 

30 the fust web 3,0, the brushy — . — ^ ^ ^ 

dividual ftlaments ,5 of the brushy fil-e ^ ^ ^ 3 , 6 . 

laments 3,5 and the anchoring Po-s 6 ^ ^ ^ ^ ^ ^ ^ 
Preferably, each of the heat-seal Imes ^ ^ ^ rilaments or 

fro m fhe ad,ce„, heat-sea, line by = ^ ^ ^ ^ are ^ 
36 th e second web or the -3 o ^ ^ ^ ^ ^ 2 at an 

with a polymeric additive ot tn V 
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-53- 

• .TL process I„asec,ionof,hef,rs.web3>0t„becutbythesec„nd 

d ,„ e longer than the distance d to obtain a relatively large m.rgmal -eg,on 
din.ens.oned ,0 be onger tha ^ ^ ^ ^ ^ ^ 

1 * 6 ^ f ! t te 0 denned between each pa, of adjacent heat- 

312 fed on the sect.on of.be firs, web 3 ^ ^ ^ ^ ^ 

seal lines 316 may be dimens.oned to be longer 
,he filament 15 longer than 1/2 of the distance d. 

A cleaning sheet resulting from this process is shown m F,g. 23. 
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filide Value 




Pol ymeric 
Additive 

HL- 1496» 



HM-1597* 



HM- 1902a 



Level 



\A2- 
1.56 



1.12- 
1.56 



1.12- 
1.56 



Sand. Mulch 
Soil Soil 

"47% \ 93% 



"69% T 86% 



HM-1972 a 



ROBOND 



1.12- 
1.56 



1.12- 
1.56 



1.12- 



PS75R b I- 56 



"78% \96% 



"32% I 93% 



"60% T 93% 



79% 



87% 



81% 



"68% I 88% 



82% 



82% 



Cojnbination 

Soil I IniiM 



55% 



71% 



68% 



53% 



59% 



58% 



2.125 



In-Use 



"2.875 2.125 



1.25 



1.375 



2.375 



2.375 



0.625 



1.25 



a pressure sensitive adhesive commerically available from H.B. F u„e, Company, which 

. . c mn u cueet A via a toluene solution spray, 
r/rirse^ve commercially available from Kohm * Haas Company, 
2 0 which is applied to Example Sheet A via an aqueous dispersion spray. 



TABLE 2B 





Laree Particulate Pick-Up 


Glide Value 


Polymeric 
Additive 


Level 
(g/m 2 ) 


Sand 
Soil 


Mulch 
Soil 


Froot 
Loops™ 
Soil 


Initial 


In-Use 


HL-2713 3 


0.4 


21 


74 


60 


0.6 


0.7 




0.6 


28 


92 


81 


0.9 


0.9 




0.8 


22 


86 


76 


1.9 


1.0 




1.0 


24 


81 


77 


2.3 


1.1 


HL-1500 a 


0.6 


25 


87 


61 


0.5 


0.5 




0.8 


38 


88 


77 


0.8 


0.8 




1.0 


25 


88 


77 


0.9 


0.6 



a Pressure sensitive adhesive commerically available from H.B. Fuller Company, which 
is applied to Example Sheet A via a hot melt spray. 



